ABSTRACT
Introduction
The problem of deterioration of works of art is particularly relevant in countries like Bulgaria that are rich in cultural heritage. The Monastery of Saint John of Rila, better known as Rila monastery is the largest and famous Eastern Orthodox monastery in Bulgaria, included in the UNESCO List of World Heritage. It is of special importance for its architecture, wall painting, mosaics and fretwork. The Rila monastery has acted as a centre of spiritual and cultural life for the nation in the beginning of the Bulgarian Renaissance. This monument represents a precious heritage of inestimable value not only for their artistic characteristics, but also for their important role to pass our history, culture and traditions down to the following generations. Obviously, this important treasure needs to be safeguarded from damages caused by air pollution, physical and chemical agents, and by the biodegrading activity of microorganisms.
The biodeterioration of monuments was intensively studied in the last decade; many works were especially focused on stone monuments, historical buildings, frescoes and art objects located outside (see 9). Some authors report the activity of microscopic fungi on the surface of monuments, which increases their alteration (2, 4, 5) . These biological agents affect not only the aesthetically appearance but also the structure of materials. Contributing to their preservation therefore is the main goal of studies of the mycobiota carried out in heritage buildings. However, despite the interest of this type of study, in the case of the Rila monastery, no previous studies have been conducted. As a part of the monitoring process of Rila monastery, we performed microbiological, morphological and physiological studies on fungi isolated from 6 specimens taken from stone, fretwork and fresco, the most degraded and in need of urgent intervention.
Materials and methods

Samples collection and isolation of fungi.
For isolation of fungi were used 6 samples taken by a sterile cotton swab from different objects in Rila monastery as 
Identification of fungi.
Eight of isolated fungi were identified to genus on the basis of macromorphological and micromorphological characteristics using suitable media, slide cultures (obtained by inoculating microfungi directly on a small square of agar medium) and the most updated keys for identifications.
Media, cultivation and growth evaluation.
Each strain was inoculated onto beer agar (BA), starch agar (StA), PGA and SA in Petri dishes, and was cultivated at 30°C. The diameter of the growing colony was measured crosswise in two directions in seven days old cultures. The average of these two readings was taken as diameter of the colony based on the six replicates. Radial growth rates (mm/day) were calculated also.
The cultivation was performed in 3 l bioreactor ABR-09 (working volume 2 l). The bioreactor was equipped with pH monitoring, automatic DO monitoring and a control system. For the inoculum, 80 ml of Sabouraud medium was inoculated with 10 ml of spore suspension in 500 ml Erlenmeyer flasks. The cultivation was performed on a shaker (220 rpm) at 30°C for 24 h. The bioreactor cultures were performed with 200 ml of 24-h-old shake-flask inoculum and 1800 ml of the Sabouraud medium. The cultures were grown at 30°C, with a stirrer speed of 600 rpm air flow, 1 v.v.m. for 120 h.
Analytical methods
Soluble reducing sugars were determined by the Somogyi-Nelson method (10) and protein by the Lowry procedure (7) using bovine albumin as standard. The dry weight determination was performed on samples of mycelia harvested throughout the culture period. The culture fluid was filtered through a Whatman (Clifton, USA) No 4 filter. The separated mycelia were washed twice with distilled water and dried to a constant weight at 105°C
Results
Isolation and identification of fungi
A total 23 isolates were obtained from the analyses of six samples taken from the different objects of Rila monastery ( Table 1, Fig. 1 ). Ten fungal isolates were obtained in pure cultures by single conidial transfer onto beer agar plates. The result of identification by traditional morphological methods showed that isolated fungi were abundant in Penicillium (Fig.  1B) and Aspergillus (Fig. 1A) , which have been reported as soil and airborne fungi. The both genera belong to the phylum Ascomycota. One non-sporulating fungus was isolated also (Fig. 1C) .
Growth on agar media
Maximal fungal growth and colony growth rates were evaluated to investigate the development of filamentous fungi on different substrates. The isolated fungi grew on all substrates tested ( Table 2) . On StA the slowest growth was observed. One fungus (non-sporulating 21.1) failed to grow on this medium. In contrast, the isolate 21.1 showed very fast growth rates on PGA and BA. In general, Aspergillus species grew faster than the Penicillium species on all four media. On BA maximum growth rates of 6.43 mm/d were observed, followed by PGA (from 4.43 to 6.43 mm/d) and SA (from 3.39 to 6.43 mm/d). On the other hand, Penicillium sp. isolates demonstrated strain-dependent growth on media tested.
Growth on liquid medium
Four of isolated strains were cultivated in stirred bioreactor of 3 l total volume for 120 h. Time courses of dry mycelium weight, extracellular protein content and residual glucose concentrations in culture medium are shown in Fig.  2 .
The figure demonstrated typical fungal growth phases for each strain tested. Extensive mycelia development could even be seen at 12 h of the cultivation starting at a time when glucose was abundant in the culture medium. Maximum mycelia yield was obtained after 72 or 84 h of growth. The best biomass production was recorded in Penicillim sp. 17.1 (3,6 g/100 ml) followed by Penicillium sp. 2.2 (2.7 g/100 ml), Aspergillus sp. 17.2 (2.5 g/100ml) and Penicillim sp. 20 (2.3 g/100 ml). The fast growth coincided with exceptionally active protein synthesis. A sharp increase in extracellular protein content was noted in the early stages of growth. Glucose was quickly consumed and almost disappeared within 48 or 60 hours.
Discussion
In summary, what we found in this study is that the alteration and deterioration of different objects from Rila monastery have relationship with fast growing filamentous fungi 
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(mainly Penicillium and Aspergillus species). Aspergillus species, isolated from destroyed walls of monastery kitchen have been reported in literature as common stone taxa (3).
Moreover, fungi of the genus Penicillium could be found in samples taken from stone monuments and frescos (2, 4). Penicillium and Aspergillus spp. are ubiquitous taxa that can produce numerous mitospores, or conidia, which are easily dispersed by the air. These fungi and certain species of Alternaria are usually found as contaminants or biodeterioration agents in many different habitats and materials, including those considered as representative of historical and cultural heritage (1) .
